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SlPy<;\RY 

Object. - To drtermine the effects of oil introduced into the 
combustion chamber and of oil -spray piston coolirifi; on the Icnock- 
limitf^d performance of aircraft fjogines. 

Scope. - Tpsts of knock-limited performance ^ra conducted on 
a CFR engine in v/hich 2.^ pnrcent by tfei^ht of two differ'snt oils 
and kercs-'ne w^re mixed, in turn, vith 3-2 reference fuol. 

Tests on an Allison V-1710 cylinder were altso conducted in which 
0 to 6.1 pounds nf 3viC 'jO oil per hour -.vore injected directly intc 
th? coT.bur.tiori clia'r.ber, -ind the knock-lirdtcd perfomance of aviation 
F.ascline /N-VV-F-731, ■iir.fsndmt.nt-5, (12^ pcrCor.nancc? number) 73.S 
drtorrained. The eff^sct of oil cooling: of the piston was also 
invest Lfiatod, 



Suffimaiy of results . - The results are sumnarlzed in tables 1 
and 2. 
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TABLE 1. - APPROXIMATS PERCENTAGE DECREASE IH KlOCK-LDinED 
PJWER FOR EACH INCREASE IN OIL CONSUMPTION 
OF 0.01 FOUND PER HORSEPOIHER-HOUB 



Oil 
introduced 

into 
combustion 
chamber 


Fuel 


Decrease in knock- 
limited power 
(percent) 


Fual-air ratio 


0.075 0.10 


CFR engine (oil premixed viith fuel)^ 


SAE 60 
SAE lOH 
Kerosene 


S-2 1 16 
S-2 i 13 
S-2 j U 


8 

5.5 
5.5 


Allison V-1710 cylinder (oil injected into combustion chamber)*' 


SAE 50 


AN-W-F-781, 
Amendrarint-5* 
(125 perform- 
ance number) 




2 


^Indicated basis. 
°Brake basis. 

TABLE 2. - APPRQXPZATli: PERCEMTAGE DECREASE DJ KliOCK-LIMITED 
POWSR TOR EACH INCREASE Vi OIL CONSUMPTION 
OF 1 FERCETIT OF ThE FJ3L CONSUltPTION 


Oil 
introduced 

into 
combustion 
chamber 


Fuel 


Decrease in knock- 
limitud power 
(percent) 


Fuol-air ratio 


0.075 i 0.10 


CF 


R engine (oil premixed vd.th fuel) 


SAE 60 

SAE ion 

Kerosene 


S-2 
S-2 
G-2 


7 

6 
6 


5 
A 
4 


Allison V-1710 cylindnr (oil injected into combustion chamber) 


SAE 50 


a:j-vv-f-78i, 

AmondrcQnt-5> 
(125 perform- 
ance number) 


2 


1.5 
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INTRODUCTION 

The effect of oil consumption- on the knock-limited performance 
of an aircraft engine is inportant from the considerations of flight- 
operation. Under service conditions the engines nay operate clos? 
to or at the predetermined knock limit. Any change, such as 
increased oil consumption, that materially lowers this knock limit 
can cause damage to the engine without warning to the pilot. 

In the knock testing of fuels it is coimnonly known that varia- 
tions in oil consumption cause variations in knock rating. From 
tests of an unsupercharged CFR engine, Stacey (reference 1) concluded 
that changes in knock rating of as much as 1 octane number may be 
attributed to different rates of oil consumption. Similar work was 
conducted by King and Moss (references 2 and 3). 

Data are reported herein that show the effect of oil consumption 
on the knock- limited performance of a supercharged high-speed 
CFR engine. Two diffei-ent oils and kerosene were used. These 
tests were made at the Langley Uemcrial Aeronautical Laboratory, 
Langley Field, Va., in 1942. 

Infoimation concerning the effect of SAE $0 oil consumption on 
the knock-limited power of an Allison V-1710 cylinder was obtained 
at the Aircraft Engine Research Laboratory, Cleveland, Ohio, in 
January and February 1943. The results of these tests are also 
included. 

In the Allison setup, information was lacking on the proper 
quantity of oil to spray on the under side of the piston and on the 
lower cylinder barrel to simulate piston-cooling conditions in mxolti- 
cylinder engines. Because this cooling factor was unknown, it was 
necessary to determine by testing whether or not the quantity of 
cooling-oil spray to the piston and lower cylinder barrel had a 
critical effect on the knock^limited power of the Allison engine. 

Inasmuch as variations in quantity of oil spray resulted in 
variations in the rate of oil consumption as well as in the cooling, 
it was necessary, in order to separate variables, to make further 
tests to determine the knock sensitivity of this cylinder to oil 
consunqption. 



APPARATUS AND TEST PROCEDDRE 

CFR engine . - A high-speed CFR engine, coupled with a cradle- 
mounted dynamometer, was used in the test program. A detailed 
description of the apparatixs can be found in reference 4. In these 
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teats, 2.5 percent by weight of kerosene and tvo oils - SAE 60 and 
SAE IGW - were premixed with 8-2 reference fiiel. Knock tests were 
run with each of the mixtures and i^ith clear S-2 reference fuel. 
A cathode-ray oscilloscope and a magnetostriction pickup unit v/ere 
used to detect knock. 

In order to get an accurate comparison of the performance of 
the; 3-2 fuel containing oil and the clear S-2 fuel, the data on 
each blend and on the clear S-2 fuel with which it was compared viere 
taken on the same day. 

Allison y-1710 cylinder . - An Allison V-1710 single cylinder 
was mounted on a CUE crankcassj coupled \ath a cr idle -mounted eddy^ 
current iynamoineter. Oil from the engine lubrication system was 
injected directly into the combustion chamber at a constant rate and 
knock data were taken at various fuel-air ratios using AN-VV-F-781, 
Amendment-5> fuel. Beta werd obtained with various rates of oil 
injection into ths combustion chamb3r and with different amounts of 
oil spray to the -^der side of the piston. Knock w::s detected by 
iDScns of an oscilloscope and a piezoalectric oickup. 

Injection into the cylinder was accomplished by an Injection 
pump and a single-orifice spring- loaded valve that injected oil at a 
pressure of approximately 1000 pounds per squrire inch at B.fl.C. 
on the intEJce stroke. A solid streani r.-.thor than a fin© mist was 
injected and was dir^-ctod at the cylinder wall, thereby more closely 
simulating flor.Y past the piston .ind the piston rings than by admixing 
the oil with the gasoline. 

The rate of oil consumption was determined at regular intervals 
by weight moasuraments of the oil in the engine lubricating system. 
The loss in oil from this sj-Bt.m .included the oil injected into the 
combustion chair.b3r and tlie oil th-.t passed by the piston rings into 
the combustion chimber. The p.vorage rat^ of loss of oil from the 
lubricrition system during a test ./".s tiken as the r.ite of oil con- 
sumption. 

riston coolinp was accomplished by use cf a rifle-drilled con- 
necting rod ivith ty-o jets for rspr w of oil on the under side of the 
V-iston and an auxiliary spr..iy no?5^1e located in the crankcase and 
directed at thn un^i^r side of the piston. The auxiliary spray was 
used to provide a ccntrolliible rite of oil spr.'iy to the under side 
of the piston. The flow nas regulated \sy a valve in the supply 
line. The quantity of cil flmving from jets in the connecting rod 
remained constant throughout the tests -t about 3 pounds per minute. 
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The flow through the auxiliary nozzle -was kept at 7*5 pounds per 
minute, which made a total of 10.^ pounds per minute when this noszle 
was used, ' - ■ ■ -.o , ._ 

Test condltjons . - Operating conditions prevailing throughout 
the tests on the CFS engine and the Allison y-1710 cylinder were as 
follows: 

CFR Allison 
V-1710 

Engine speed, rpm 2000 2500 

Compression ratio 7.0 6.65 

Spark advancvj, degrees B.T.C. 

Inlat "1 ,y r> 28 

Exhaust ^34±0.5 3^ 

Inlet— lir temperature, °F 200 200 

Inlet-coolant temperature, °F 317 to 326 

Outlet-coolant ten^rature, °F — 250 

Inlet-oil tempercture, °F 185 



RESULTS AND DISCUSSION 

The e erect of tlie two oils and the kerosene sxardned in the 
CFR engine on the allo'Aable knock limit of 3-2 fuel is shov.-n in fig- 
ures 1 and 2. The .'3AE 60 oil produced the greatest decrease in 
knock-limited power in ths rich region when mixed with S-2 fuel. In 
figxire 1 it may be seen that 2.5 percent SAE 60 oil in S-2 fuel per- 
mitted 82 percent of the knock-lindted power with clear S-2 fuel at 
a fuel-air ratio of 0.075. At a fiel-air ratio of 0.10, the knock- 
limited power was 88 percent of the knock- limited power with clear 
S-2 fuel. Linear interpolation of the foregoing values for SAE 60 oil 
indicates that the knock-limited power is decreased 7 and 5 percent 
for lean and rich mixtures, respectively, for each increase in oil 
consumption of 1 percent of the fuel consumption. 

Figures 3 to 6 present data for tiie Allison V-1710 cylinder. 
Figure 3. shows the effect of injecting various quantities of 
SAE 50 oil into the combustion chamber when the engine was operating 
with and without the a\ixlliazy oil spray impinging on the under side 
of the piston. 

The results shown in figure 3 are cross-plotted in figures 4- 
and 5 and indicate that the knock-limited brake mean effective pres- 
sure varies linearly with the amount of oil Injected with the fuel. 
The points in figures A and 5 show the accuracy of the data and are 
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not test points. A change in briike specific oil consumption (bsoc) 
from 0.01 to 0.04 pound per brake horsepower-hour was found to effect 
a reduction in the knock-limited broke mean effective pressure of 
approximately 11 percent at a fual-air ratio of 0.075 (fig. 4). 
These results also show that the injection of oil into the combustion 
chamber causes a somewhat greater percentage reduction in knock- 
limited brake rnean effective pressure at lean mixtures than at rich 
mixtures. Prssence of the auxiliary oil spray directed to the under 
side of the piston raised the knock-limited br-::ke me:m effective 
pressure about 5 percent at a fuel-air r:::tio of 0.07f> and a brake 
specific oil oonsumption of less tlian 0.02 pound per brake horsepo-.ver- 
ho^jr. 

Table 3 summarises the effect. on the oil conaumption of oil 
injection iiito th*} combustion chamber and of oil sprcy onto the tmder 
side of the piston. 



TA13LE 3. - EFFECT ON THE OIL CONSUidPTION OF OIL INJECTIOI-J INTO TfE 
COfi-iLfSTIOM ClUmi^i AND OIL JPRaY Ot^TO THE UNDER SIDE CF THE PISTON 



Oil spray to 
piston and loiver 
cylinder 
(Ih/raixi) 


Oil injected 
into combustion 
chcmber 
(ib/hi-) 


Total oil 
consuiuition 
(Ib/hr) 


Oil consumed 
in passinf: by 
piston rings 
(Ib/hr) 


10.5 


0.0 


1.26 


1.26 


10.5 


/..I 


5.04 


.94 


10.5 


6.1 


6.25 


.15 


3.0 


.0 


.83 


.83 


3.0 


2.U 


2.76 


.37 


3.0 


6.1 


6.10 


.00 



Figure 6 furnishes information on the heat balance in this 
engine as effected by the oil spray on the under side of the piston 
and by the fuel-air ratio. The d?.ta shew that the oil spr;^y to the 
under side of the piston moro than doubled the total heat rejection 
to the oil. 



The data included in this re-)ort show only the effects of oil 
consunption on the kncck-lindtdd performanco of fuel and do not show 
tli9 effects of oil consumption on engine duposit md cylinder wear. 
Good cylinder lubrication cannot be had unless a certain amount of 
oil passes by th.3 rinps into tins combustion chamber. Continued 
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xnumlnc vltb a high rate of oil consumptlczi f ozma dspoalta of oarbon 
on the piston and on the CGnibustlon«ohasibor valla, idilch fuirther 
reduce the knock-llinlted perfoxsance. 

Aircraft "BnglTie Besearoh Lahoratory, 

BatloD^ Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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Fig. I 
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Figure. 1. - Effeot of SAE lOW and SAC 60 olle on the knoek-llBltad performance of S-S 
reference fuel In a CFR engine. Coapreselon ratio, 7.O: spark advance, JV^ B.T.C. ; 
inlet-coolant teaperature, 317° Inlet-alr temperature, 200° F; engine speed, SOOO rp« 
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Fig. 2 




I.. 



•300 



I 



,160 



1 120 
S 




S-2 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



per< ant e -2 ■♦■ 



80 



.05- 



.07 



70S ro5~ 

Fuel-alr ratio 



.10 



.11 



12 



Flgur* S . - Effect of kerosena on the knock-llolted perfornanes of S-2 reference 
fuel In a CFR engine. CoBpreaalon ratio, 7.O; spark advance, B.T.C. ; Inlet- 
coolant temperature, 323"' to 326° F; Inlet-air temperature, 200° P; engine 
speed, 2000 rpa. 
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Fig. 4 
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Figure 4,- Effect of brake specific oil consumption on the knock-limited 
performance in an Allison V-1710 cylinder, SAE 50 ollj compression 
ratio, 6.65; spark advance: Inlet, 28° B.T.C., exhaust, 34° B.T.C; 
outlet-coolant temperature- 250° F; inlet-oil temperature, 185° P; 
inlet-air temperature, 200" F; engine speed, 2500 rpm; fuel, 125- 
perf ormance-number aviation gasoline. 
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Oil by weight to gasoline, percent 
Figure 5. — Effect of weight percentage of oil to gasoline on the knock- 
limited performance in an Allison V-1710 cylinder. SAE 50 oil; compression 
ratio, 6.65; spark advance: inlet, 28° B.T.C; exhaust, 34° B.T.C.; outlet- 
coolant temperature, 250° P; inlet— oil temperature, 185° F5 inlet— air tem- 
perature, 200° F; engine speed, 2500 rpm; fuel, 125-perf ormance-number 
aviation gasoline. 
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Fig. 6 
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Figure 6. - Effect of an oil apra; to the under side of tha platon and to the lower cylinder 
barrel of an Alllaon V-1710 crllnder on the heat rejected to the oil. Coapreaslon ratio, 
6.65} spark advance, inlet 28° B.T.C., exhaust 34° B.T.C.; outlet-coolant temperature, 
250° P} Inlet-alr tesiperature , 200° engine speed, 2500 rpn» fuel. 125 performance- 
number aviation gasoline. 
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